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1. IN’J’I{ODIJC’1’1ON

l’he Airborne Visible/Infrared imaging Spcctromctcr  (AV1 1<1S) measures spectra fl-om 400 to 2500
nm through 224 contiguous spectral channels. These spectra arc used to iclcntify  and clctermine the
abundances of constituents of the Iiar-th’s  surface and atmosphere through the analysis of spectral molecular
absorption and scatt cring propcrlics of materials. Spectral calibration of (1]c AV1 RIS is required to pursue
these determinations, which are based on these fundamental spectral characteristics.

The spectral calibration of AVIRIS  consists of a description of the spectral response function for
cacb of the 224 spectral channels. The spectral response function of AVIRIS  channels was measured in the
laboratory and shown to bc Gaussian in shape (Chrien et al. 1990). l;igurc 1 shows a subset of nine AVIRIS
spectral channels wi[h channel ccntcrs at 10 nm intervals ancl channel shapes of Gaussian form with 10 m
full width and half maximum (FWHM). For AVIRIS the spectral calibration is dcscribcd by the spectral
center and 17WIIM of a Gaussian function for each channel. Uncertainty in the dc[crtnination  of the spectral
ccntcr and l;W1 lM for each channel arc also rcpor[cd.

This paper presents results from an investigation of the sensitivity ofAV11<1 S mcasurcmcnts  of the
upwclling  radiance to errors in spectral calibration. Basecl on this sensitivity analysis in conjunction with
earlier work (Green CI al,, 1990), an improved spectral calibration requirement fo]- AVI 1{1S is proposed.

2. AVIRIS MICAS(JRIH)  RADIANCE

AVI 1<1S measures the upwclling spectral radiance from the sun that was rcflcctcd  by the surface as
well as absorbed and scattcrcd  by the intervening atmosphere. TO investigate the effect of spectral
cal ibrat ion on n]casurcmcnt  of the upwclling  radiance, a high resolution spectrum of the racliancc arriving at
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IJigurc 1. Modeled spectral response functions of 9 AVIRIS  channels,
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AVIRIS  was gcncratec~  by the MODIRAN mcliative transfer  cocle  (1 )erk, et al. 1989).  l~igure 2 shows the
mcxiclccl upwcliing  radiance  arriving at AVllUS  at 2 wave-nunlbcr’ spectral re.solulicm  with a 0.25
rcflcctancc surface, 45 dcgrcc solar zenith angle, and the mid-l atituclc. summer  atn]osphe.lic mcrdcl. Across
this spcchal  range, (I]c upwclling racliancc is dominated by narlow a[mosphcric  and solar absorption.s as
indicated on the flgurc.

The radiance rcportc(l  by each AVIRIS  cbannc]  is the result of the convolution of the upwclling
spectral radiance wi[h tbc spectral response function of each channel. This spectral convolution is given in
equation 1. ljor each spectra} channel, the measured radiance I.i is the product of the channel spectral
response function f(k; – k) and the upwclling  spectral ra(iiallcc 1.(A) at each wavelength elk:

1.i = ~ f(ki - Z)*I.(A)dh (1)

In IJigurc  3, Ihc AVIRIS  radiance convolved through 10 nm I:WIIM Gaussian spectral channels is
given. Bccausc  the upwclling  spectral radiance contains numerous narrow solar and atmospheric
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l;igurc 2. MOIHRAN  radiative transfer code modeled ul)wclling spectral radiance.

Standard Summer Atmosphere, 0.25 Reflectance, 45 Degree Solar Zenith
r

2
t

to -’ ‘
400 600

. ..- J-t&ra -:’ ,“- ,’: .-+...

800 1000 1200 1400 1600 1800 2000 ?200 2400
Wavelength (rim)

l~igure 3. Result of the convolution of the MODTRAN  radiance spectrum by the A\Jl 1<1S  Spcctri ;hanncls.
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absorption, the spcctrLInl  in ];igLIIC  ~ is s(Icmgty  ckpenctcnt  on the s~~cc(ral  position  and l;W1lM of each of
[hc AVIRIS  channels.

z. . AVIRIS SIWXTJ<A1, CA I.IIIRATION  SENSITJ  VlT}7 ANA I>YSJS

TO undcmtand the sensitivity crf the AVIRIS  measured I xiiancc to (11c  spectral calibration, a
scasitivi(y  analysis was performed. For this analysis, m rors in both channel center and liWHM were
cvaluatcci.  I’hc  cffccls of error in chaancl center position were investigated by inlloclucing  a systematic
spectral shift across the spectral range. I~or  FWHM invcstiga~ion, errors of sys[cmatic broadening were
introduced. Sensitivity to these spectral calibration errors was assessed as the pcrccat difference in radiance
measured through a spectral channc]  with and without the sjlccll-al cal i brat ion crv or.

Sensitivity in calibration of the channel center position was tested by calculating the convolved
radiance for shifts in spectral channel positions of 1.0, 0.5, and 0.1 t}rn. These m-ors correspond to 10, 5,
and 1 pcrccnt of the nominal 10 nm AVIRIS spectral resolution. The percent diffc]  cnce in radiance between
the error free and spcc(rally shifted spectra is shown ia Figured. S]}ectrally  distinct  errors throughout the
spectral range incrcasc  as the errors in calibration of the spectral channc.1 centc]  position grow. I;or
example, at 930 am, an error of 1.0 nm in channel position caused a - 15 percent error in measured radiance.
At 930 am, a 0.5 nm shift caused a -8 percent error in radiance and a 0.1 nm shift caused a -1.5 percent
error.

An analysis of the sensitivity of channel FWHM calibration was performed through calculation of
the pcrccnt error in radiance for errors in the spectral lW}IM  of 1.0, 0.5, and 0.1 nm. These results arc
shown in I?igurc 5. As with errors in channc] position, errors in the calibration of channel shape cause errors
in the sensor measured radiance. At 1120 nrn, errors in channel widtl) calibration of 1.0 nrn, 0.5 nm, and 0.1
am result in radiance errors of 11.3, 5.6, and 1.1 percent, respectively.

Spcct ral calibration errors of a given pcrccntagc of the spectral resolution arc shown 10 cause errors
of a greater pcrccntagc  in measured radiance in spectral legions with stronp, narvow absorption in the
upwc.lling radiance. Iirrors  in the measured ra(iiancc directly p!-opagatc  to calculations of apparent
rcflcctancc.  Spectral calibration induced errors in measulcd radiance impact al~,orithms that LISC spectral
fi(ting to known rcfcrcncc  spectra as well as algorithms that delivc  parameters frc)rn spectral moclcls.
l~ur[hcrmorc,  the spectrally sharp nature of these errors n~imics and modifies actual molecular absorption
and consequently undermines the general spectral mcasurclncnt  objectives of imagin~; spcctromctry.
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l:igurc 4. Iirror in AVII<lS rnodclcd upwclling radiance with errors of 1.(), ().5 and ().1 nm cr]-ors in the
calitmalion of channel ccntcr position.
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4. CONC1.USION

Tbcsc scnsitivi(y  analyses show that the ubiquitous narrow  solar and atmospheric absorption in the
upwclling spectral radiance drive tbc requirement for spcclI  al calibration of AVI 1<1S. ‘1’hc original spectral
calibration requirement for AVIRIS was i5.O m for spcc(ral  posi[ion and I; W1lM.  IIased on tbcse
analyses, a spectral calibration rcquircmcnt  of 5 percent (0.5 nm) and goal of 1 pemxml  (0.1 nm) of the
spectral resolution arc justified to provide AVIRIS  spectra that arc free of significant spectral calibration
induced crro[”s.
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Figure 5. IIrrol- in rnodclcd AV1 RIS upwclling  radiance with errors c)f 1.0, 0.5 and 0,1 nrn errors in the
calibl-ation  of channel I~WI  IM.


